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Prezent mathematics for symthesizing emd amalyzing comtac’ relay sysiems is
applied cmly to the multiple series vype (Class P systems).  Im this article
2 mere goemeral methed will be exaulmed threwgh modifyimg me extremely geaersl
system hy short circuitiag or dircusaecting various elememts of t. This
msthod permits transforming amy systews where imdividual members commected in
series or im parallel can be isolated.

Jroblem of Gemersl Tramsformation of Comtact Relay Systems

As ve know, mathematical logic ﬁ,?,é? cam be applied for the tramsformatiom
of oomtast relay systems. But applicatior of mather.tics im its pure form
is possible omly for those systeme, im vhich imdividual elements are commected
oaly i series or im parzllel (mltiple series systems, or Class P systems).
However, in the technique of contact relay eystems use is often made also of
systems in which Individual elementc are connected in the form of a bridge
(nonpara.llel-as:-ies aystems or Cluss N systems). These ayRtems are more economical
ir the number of olements needed as a minimum .. fu'fill given couiitions.
They cannot be described enalytically by mesns of algebraic syakolism. Symbdlic
relationg ased for transformation 3f Class P systeuws ars nct applicadle tc Clase
N oystems, and therefcre some generul methods musv te found which will permit
transforming systems regardless of their class.

This article studies one such method, applicable to systems in which i+
is poszible-ta isolste Individual members which can themselves represent both
Class P and Ciass N eystema {of a planar b&r ncnplanar type, 1.€., with 3
intersscting lines), but which are comnected in varallol ar in series. {In
transforming aystems ir which it 1e not poamidle to 1sclate membsrs comnacted
in parallel or in series, 1.s., f.. systsma with bridge connectioms omly, 1t 1s
necessary to use special syabclism. ) In this cass, as will be shown later, a
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comp.l:ete'anaj.ytwal recore ¢1 - tHs L«'ys\:emﬂ néeed not veé regcrued LU, bulL Lus
individual members may be exzpressed as gensral symbole which can be operated
on withcut reeealing thelir value.

T carry on trensformstion operations not with individual elemsnts of
systems but with whole sections of them, it is necessary to find those
gymbols oharacterizing the systems or individual parts of them which permit,
on the ono hand, ssteblishing the relationship of thess systems and, oa the
other, deteruining those relations between -the symbols vhich permit eguivalent
transfarmations of ths otrettyzl Zorwilag for eyetems made up of these symbols.
Such general relations can be found becsuss agy two or more parts of one system,
and also two or more of different systems, can be derived from 7. ~srfain
campretensive mystem containing all possible elements iv which ddividual
eloments a&re short circuited or 4disccnnected to represent the derivative eystems.

For sxample, 1% we tale the two systems repremented im Figure 1, a and
b, ebsolutely duffersnt In. cutvard sppsarance and i their operational conditioms,
these aystems may be represented as derivatives of the system in Figure le,
in which element h in the first cesee ie ccnnected (Bhartae), and 1in- the second
is digccnnected. ‘

This vogsibility of repcesemiing any aystem as & dexrivative of une system
with differextly connerted or diecomnected alemente permite dotserwining
relaticnahips beiwssen systems sad establishing equivalsncee for tranaforning
them. To this ond, odvisusly, 1t le necesasry only 1o enaly:ie the relatlons
ottaining in differently comnected and disconnscted systems. ’

Anslytic Formulas

First let us introdvce certain symbols. We denote the initlial system
from waish all others are obiained by the symbol F; ary elewent, or elements,
Lstwoen polnts k and kg is reprssented by the symbol x); the short circuit
petwaen points k and ks is ropresented by the indox x written witk 1its
reapective symbol; and the disconmected circuit between points k and k, 1s
simply rapresented by the index .

Ir, tfor example, in connection with this symbolism we denote the system
in Fignw = lc by ? end the points Lotween which clement h is ccanected are repre-
eaotod %Y X and k, the:n the eystems In Figure 1, a4 end b, will be writcen as
Fy and Fy, respectively.

The analytic formlas for the ccmatituents of unity and of zero _[5,2 will
be written in the above syxbolism in the form:

F""‘FIZ,---,n_X',X,_... X, + F/,i.,...._n-'X,’)LQ_.:,X”—}—

o Fua e X Xy X b Fra, % %R, ()

F=(Fia coomt 2,454 o+ ) Fra., nt+ %, 42,4+
FoitXn) AF X, F %t A xm)ee o (Fuz,n
TR R A5 (1a)

-
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othexr t.lm.n that 1n fhe muﬁl stmctural x’qvmulas In the latter these symbols
demote the contacts, ani reactive organs of any element which can be included
in different places in the system and which are found in it once or ssveral
times. In equivalenses (1) and {la) A, %,...,7nare themselves contacts and
reactive argsns of alemsnis, cornected only at dstermined points of the
systen, nawmsly, betwsen points 1 ~- 1, 2 -~ 2,..., 0 ~- Ha, 1.8., each of
them can be met In the mystem only cace.

Hence, if in the system under transformation there are recurrent comtacis
or r.active organs, wvhen the system 1 .epresented by symbolism for differently

canrected and dlscomnectdd systems, they ghould by dencted by different
indexes, in apité of belonging to the same slement.

In transforming differently connected and discomnscted systems; 1t 1
advisable in sore sases to employ express’ ons differding socmewhat from {1}
and (la) and to snalyze etructural formulse not by seperate cometiivenis but
by groups of them which form clircuits in serlec ar in parallseil in rslation to
g6lactad elemsnts of the system. Application of thess formules psrmita
simplifying the femdnstratiom of eguivalences for diffsrently comnected or
discoumected aystems snd makicg ‘hem mors graphic.

We shall examine thems foarmiles. .

Lot us snalyze the structural formuls Of a certain system F . f\x X3, .
Vi oo osdy } for constituemts of ualky;, ead groxp thoee which charaute* ize
part of a system not containing the elements X, Xa,...,Xd,

Then the remaining cometitusnts will reprezent c'ircvit agsing through

Xy5Xas....Xg. Denoting the latter respectively through f /I f’D .y f@/,
ve ashall have

N ALY st T SR IR

If there ib any agstem Fyy2s-. Land from it circuits are 1solated
vhich pase through the clemmmx,.,andx,,, by anrlogy we can write:

Froas - og=Fro, - -yR)Mn\‘!'f[-aL:}; .. "'k"‘}'fknjl PYRERFLD (2)

Sincu ail circults in f/m’ and £/a] pass through xy and x,, respectively,

fﬁ'ﬁ’&r&y .. -9,{\’f[m_7| 1g0 vkyme
CYITIORR YRR b 3

Thus {Figure 2):

E"?:-' .- .,:L:F_b;). e Ai%""lLf[?"]_l'z'l'- 'aﬁ,ﬁ ch—'}'f[i_;?l‘_)él "'.-; 46/7.' Xy~ (28)

By making ues of squivalence {2), 1% is also poseible to write (Figure 3,
a, &, ¢, and &)

Fracd=F,a . Lyflilye.. h=Fs. . 5ot
+}[[/]Il, /a—}—fl‘)_] . m}:/z A4

+f£m,.z,...,~+f[13,,l,. At A2, &

L CONFIDENTIAL
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However, se 7(1)1,2, ...,foontains circhite pssaing through elemsnt x.,

1.8,
/[/]J,Z.'-v;é"':f;!:’]_:’,?.,,..,.__é. + f]:l:,l:z.l./?n)"'l’_‘;')
and since, for the dame reasim, ) ‘ ‘ ‘
Fr2lya, L h=Ffl2) 2. . & +F[L2],2,.
and, moraover (%7
ALz, b =FLL 2002, b +FfLL2000,. Ao
therefore . .
FUy a,en b P F 2D =032 Rt FLL20 2, e
: +f[ll]/2..,fe,—f—f[2]lz, é_/—. ’(3)
=flily2,.., #‘f’f[ljhm,---u&»
Car¥ying out the sams ope atiou in r ion to ovher e we ahnll
ottain (Figure 38): F1,2...., £ =F), .‘).,.. L/]; 2, f/[ljl 2., yﬂ’«
Taking the mogative of ez‘pref;aione ( (-éa F“j, and (Ja), we shall haewz

?_//.Z.J...J,,/z,zﬁ_ »é")w?x’_f[ﬂ‘l]li.u' ,é‘f[v]ii 4
L2, e Fla, e n (Fim] 2, e+ T o) !
. X(Tjiguw, A +>2f,,),

i, ... FO3 .42—,”.”,.4{, jz@ ?éx

(2'a) -

JENR'S TS I W
.t[»&]/a,...,ié,. [2],x, A (3'e)

Annlogous relat.lona can alao be obtained oven in applying the reaoltuion
to the constituents of zero. In this case in the pmyt of the system which does
not contain elomezts x,, xj,..., xﬂ_, these elements must bs short circuited;
and the cirnuits containing them mist be consistent with equivalence (la) and
cannected with it in series. The remaining ¢lomente in each of “hepe circuits
mist be comnected ia parallel “o tha element with refsrence tc which the system
resolution is being m.de.

Dcnoting these circuits, reopectively by f(l} r(?; .y ffk}va otzain:
F=F 2,

XF{ /} f 52
@iven any system F/,2, rom wh on 1t 18 desired to ieclate <he circuits
. paralle’l to the alements :mand X5, ¥o may ¥rite (Figure %, u and b), in accordance

with this:
Fi'é)""A=F-;l.2."" % ”f”m,’ )/zf[h}"ﬁf -;14

Since f{m}md f[n} ag circuits connected in parallel, contain the elements
Xppy and X,,, we ghall have by isolating them:

F )t deom F (] Lo o 2y

and f(f,?‘]i',g: vy A F oz, & o0 Fx,,.

aeuce [Figaso Lo):

Foz.. -/gf"‘" R (f[‘»v}/ 2,. L,m_'l...xh)){

. ‘oz QONFIDENTIAC
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LN e e ke tba (R e B

= it .
Ly A ek y TN ' o4

a. b, ¢, and 1) .
Fra, .. b= /—‘{,z,...,/%f[/]/,2,“-,44;7:/'“2-?_-;'--JAX

X e A2y = ) '

_, =Fu2 b F()na, . hfladra,. b Fhia,.., A ;
Fllva o b=Fl3ra, £F0L2),2,. . A
and ffl.} L, B=F {L} /ivz,,..‘/éf[/.z}/,a,‘-‘., ,é,, ’ el

and, 1in addition, /%7, j
£l 2}02,.. A=f{La)n 2 }‘1’7{{/‘2),‘2""’ %,
hence

Fihine () h=f(1Frn A F(L2)0n  AFL
Xf[i’-}/«_?-,-,.,Az-‘-‘f[/]/,z,...,,,é,f(z},‘ (7).1'44 . ’ J

Cartying on the eame operation for other meubers of expreasion‘(i), we
shall chiain (Flgure Se):

Fraoode=fra,.  dFf{1}ra,.  AFf {2}z . 00X e :
XA LA | e AR

Taking the negative of expressions (%), (ba), (5), and (5a), we shall have: g

‘ . F._"_%/-..,L=f':-/,z,,..,£,l,, 1"_}}_{—-;}—_’/2;,11‘-’-}{”}) 9

2 udhs (@)

P

F/,:'. .—_“ - : 1 7=
La. b F;l,l:..,_&mv», Flmlbta . domRyy &
~ Fmd iz, .. Aax,. (4'n)

X

F/ 2. 4437-/ o j ; 3 —
e Lz L0, A e
_ 7 A R
T %—m’ll."':’é’—#]—({—l} L2, .,,47“(5‘&) —

4-'---!-;’-_{2} La,. . A .

Let ua aote that equivalences (5) and (3a) can be obtained from equivalences
(3) and (3a) or, vice versa, equivalances (3) and %a) from equivalences (5) and
(58). It is pussible to do this by transforming all signs and Indexes tvo their
* opposites and changing the series circuits of the separate elements to sircuita
: parallel to them, and vice verse. The same relation exists between equivalences

(3') -- (3'a) and (5') -- (5'a).

‘s

Thus here, Just as in Clasz P eystems, there ie a law of duallty permitting
transitioa to equivalences with opposite signa, However, it is expressed in a
more complicated manner for differently ccmnected and disconrected elements:
- aside fror the change in structural formuiss to the converae of the additlon and
| multiplication signs, in this case it 18 nocessary, as we showed above, tc
effect the same change to the nonverse of the indexes of the connscticms and .
breaks of circuits both in series and in parallel. o

Basic Equivalences for Differently Connected and Disconnected Systems

Let us examine some equivalences for connections in parallel and in sarlea
for differently connected and disconnected systems:

A) F+F:,:‘.,.._ L=F. (6)
F-Foa. . 4=FL, A (6)

-5 - N
CONFIDEFTTAL Gﬂﬂf"“}[ﬁ]’m[ ﬂ ¥

Sanitized Copy Approved for Release 2011/07/06 : CIA-RDP80-00809A000600250680-9




e

| . - | ‘CONFIDEN'I‘IAL GONFED Tib

Tondomonstonte thold .’.q::“’;.l;:;.;;:, Tebliug lolete Trevyoyotenm Toodreu it
through pointa l=l,, 9-—».“, ..., kweX,. Then, making use of the wall-known
estuolished relavions x+x=x and x+xy=x [/, we shall obtain:

FFoz, ., b=Fua . bdFfll4fral+ - +Frh+

’

FFa A= E e AFFLII S L2] A frAT=F

FFova o, b=(FLa, A FL]+Fr2T4+ -+
‘i‘/[%’b])F/z e Fira b,

Plgure 6,a and b, gives & graphiu representation of the transformation of
aystems correspr-ding to eauivalsnces {6) and {6a). (Equivalences {6) end (6a)
may alsc be demonstratﬁd by rerolving them into their constituents. In fact, 1f
we break down ¢ ‘stems ¥ and F,,.,..., Ainto their constituent uanite, the last
ene will be differentiated from the Iirat only in that the constituents comtain-
1:g %, %, -, x4 will be lacking. Hencs, in a parallsl connection of these
systems, the effect of the resultant system will be eqgiivalent o system F since,
by the additicn of the constituents, those which srv lecking in system Fr,,,...,4
w1ll be made up by the corresponding conmtituents of system F. In a series
connecticn, the resultnnt system will be equivalent to system F/,2,...,4,
gince by multiplication of the constituents the ercessive cnes contained in
ayesom F will be absorted. The proaf addiced above, using amalyticel formulias
Zor uifferantly connected and disconnected systsas, 1e, however, simplor and
more gravhic.) ‘

Making use of equivalences (ié) and (6a) and . following tn+ law of gualaty
for diflerently commnected systsms, we can cbtain snzlogous rslutions aleo for
systems with short-circuited points.

In fact, on the basis of (6e), wo shall obtain:

F+F_’)‘%l"-‘£‘:Fl'i‘l"'}’él (7)

&nd on the basis of (6) we shall have:

FFra.. 4=F (7a)

(Figule 7 anda 7a).. (It s possible to ariive at thie relation because system

F can be examined in relation to system F;,2,.. ;4 a8 one in wkich the circults
between poilnts 1 ~— 1,, 2 — 2,,...k -~ k, are disconnected and then connected
through elements x,, X,,...,x4. Hence equivaleaces (7) and {7a) may be obtained
from equivalences /6) and (6a) by substituting in the latter F,,;....,4for F,
and F for F;,;..

It muet dbe shown that equivalences (6) and (7a) ars true for any number of
eyotems coauocted in parallel -- equivalence (6) -- or in series -- eguivalence
(7a). If their number contaims only cne which hkss n¢ short-circuited or
dis:ornected polnte, or pointa identical with a1l the remsining systems, the
reseultant syster w'll be equivalent to this cne system and can be replaced by
i¢.

Such a change may be effected for equivalences (6a) and (7 only in the
case where there 't among the systems connectsed in serles or im parallel only
ore in which 21l @fsconnected or connected points ia the remaining systems
are disconnected -~ for squivalence (6a) -- or comnsctr: -« f£cio squizalence
(7). If this 1s ot the cmse, ths equivalent system 18 eitre.swd in a more
complicated manner, aa will bs shown below.

“° " CONFIDENTIAL
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Lt

“ F#“fﬁ,g,.ﬂ..a_@, L, = LT, A,,_é',,/r_’-ﬂ,,w‘,‘?',",u .
FLalsa o o, oo, 07+7(:[£.7_//£u--,ﬁ;éH,...ﬂﬁr,
FoF Lo, od, bl o= ‘_

= F-f{t41}. 2.,-_,//1,471»/,._-,9,,,,ftf”]ég’.wéé_/,,r”)h

(Flgure 8,8 and b) T (8)

For proof of equivelence (B), le+ ne iasclate from system Fy,z,.. sl
circ . 1ts passing through sheri-circulie.. pci*ta in this eysten:

Ft Fra, oomd, otlyeee, mm=F 00 e Ao g g FLI] 0 2o oo s bt n
+./[275_2_-~,A/§,+_/,..,o,+, - —f—fué]/_, g.v-,/_L,éwH,...,:v.
- 3inve, avcording to equivalsnce (6): ‘ ‘ S 4
FadFia .. bkt ..o=F, : o i

it followg that , '
,c-+;r1,7;,...,4¢‘,/5+/,.. e FAF L2, Ao Bl n T
+ FIR1) 2. LA At NS TR ~+f[7é_7_/,3 O R : '

In the seriem connectlon, 1solating from system Fy,2, ...k ».. »0  clreuits ) }
perellel to the discurnectsd elements in it, end Tmking use of egquivaience {7a), - R

we shall obiain: /:F 2 e, b Bl

=FFLa,.., 4 £~/ Lzl «é+/}/l e At
o RSyl vy vo) ..,w=Fff1u/L~»-- s
NS TLO YR YRR S SV

But 1t would be possibie to obtain this direct].y from eyuivalerce (8) b
trangition to relations with converse signs and by a corresponiing change ir
the indexes, '

¢) /:/2 ...,JL+/'“‘52. ,L=F7,;,_.._,é, (9)
L.k Fl,2, F/,z..._A

(92)

Let u¢ isolu”e Yrem ¥, ., .. .,gcircuits passing through points l—la,'é—— e J
i~k,. We shall then have: .
| Foa L AmFian. A2kt
FFlaTua, ket AL At P, 2
- /-‘4_2_,,_4;7, 2., b=(F 2, LA+ FOT L2, ot
+f[21/2 Jg_—!—r—.-f-:[’éjll A);_/.l ‘baF,JZJ.-J

These equivalences will be valid, obviously, not only for two, but for
any number of eystema comnected in parallel or in series, with similar short-
circuited cr discomnected pcints.

0 Fra bt Fhvi hta, ==t Ao,

-

: (10)
= Fix ,.,,;.4,'FJ,,_-;-_/,{':_t_g,,...,ﬁ_—_[-j‘l‘___ﬁé. (10m)
Tet ua isolate from syetem Fé.,_, 1(___9_’ .7 ¢lircuits passing through points
: le=ly, 2=2,, .. k=k, -
F/,a.,...}a+FA+L¢Q+2)__7_71,=—F, iy bt b2,
") F I ftt b, A F AT A2, g
o F LA ks, hta,. ., 2
B . -7 -
CONFIDRNTIAL eﬂt\?H@[NTMl . ';
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\l“ In. ancordeneas with (7))

LA +/'/, 2,. ..,,/L,,éH,A'fiu.-,W-‘:F/,z,..., A
it Tollovs that Rt R,
Fuiz2, /44—/“144,4,-/; ?1::'r’ll«-"*£14‘+"»4&+11"”2+
+f[},7,é+,,4._+9. aF L2, Bt e gt
For the serles ccnnec’cicm 7[[4&]%1"/ s i TEEY W:Faé.f-/‘ ‘/é.}-J_J chey3.

/L—// 1"')’4‘/—&:, 9’—‘“;—// £, /é»“j')-/'ét-)w 7 f{’é'/_/jlzl .,fix
S fmJ/z ot g, A2, 2

Ag, 1in nccordance djh (6a 5 o

-

P2 bdtl pda i hbd, m=Fa b b S,

1t follows tust: BT KT L,
=12 /UFJ_H,A-N_, cm=FL Ao :4-7'- +L,~.wff,é_ F1 e, o n X
/ >\7£///¢'f1.j/; -f{j?/q..,ﬂz F/;_ 4‘2/

E) Froa,.. A /'_;'4',4-,,,@./._1,_ - w=Fh+i 1@-}-2 o FIARIT 2, /6’-"7'

+f b +2T) 0, . e 00, R i
1

/L—/,Q_, -y é '/;——;&1‘-/)4#—4‘,., ,)71::/;-,‘,_1_1‘,_//)7 ;7‘“[:,4‘—#-. /3'4-7“1‘, 44}}_21“ o X
XP(rat L] oty Bt 2y enms e F{0 hig,.. SR

Lot us 1solate rrom systam Fyy2,.. .,,é ¢ircuite passing through points (l4l) —
(x4 1),,, (k+2) — (k4 2) ..., ¥ = N, )
Fioayo.. det= Fdos, hota, . Pt bk Rk o1t
[/‘ +i],2, /P_/“'}‘}([/fé“fl]/,z,...,/&‘}‘
"Lf[’*'lb «-'-a/'é‘+/5€+/,jn-u,,.,.,0z

Siuce, 1n accordance vi ch (6):

’3; . ’/&A_F”&'T'*-' 7"‘—,‘/‘7‘/'41‘-2. ’)1==/:‘/¢+/)'é+2;"')717
1t follows that:

Fr.o,.c.hdFhw, fra...,n= Chithts,. . nt FL+1]2, . bt
+ I A+F2],, .. A+ +f[wu, /v-

In a simllar manner 1t may be demonstrated that

Fioo,...ok+Fu,, hwg, o =F12, ... /z~r—f"/_//i+/ Aia,..
FFL2I by fogn, ey 317ns - +ff414+/,4é+z

For » serles connactiom, by em‘plo:yi-ng equivalence (10a)}, we shall obtain:

Fi, 2,...,4‘§,FJL+I, hva,. .  wm= /:—/,l,,..,,é./::/if»_/, /@_;,...,lf[,,é.f,;j}%g,_/,..ﬂ,x

X f{”é +2EA—+IJ ﬂ-f-;_,, ..")7...7“ [W]A,L/J,A“'}“L,...,Wz
::F."l"“" j‘l”f/‘j‘+’}./c+/,/r.42,...ﬂ7x
xf(,é+;z},4+/,4€+1,...)w, < FOd b, A2,
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Thommw o Anmesatretad. he analaoe dhade.

f.-/,i,'--JLFﬁ-M,A-;LL..-,7;=EA_+:,$+:.,...,,,»,/{,}bzw"}AX
XFLadn 2 u ko F o, . A (178

Changing to rslations with converse signs, wg .shall obtain for differently
connscted systems:

2 e ) .;.,n‘—“)c,w..., 4 o i T Lo ";}'
Fiz... b dn '+fzf+mé£5 Ty

oy
=Ry At UL 2 B2t
B2, & e

it Bt b 1= B (1 i

P e i Fh ot 2=
=Fgopy R 2 X[ D X .
XLz b YU & JECANS

L ey Fot F il i omiy P=F 12 b, ., b
LA TN S ) TR I
+f£/l H‘JM:WI"’/P+""f"’c[ézéHJ,..);ﬂmh,,,JPm
P bl A D2 s udidp, . KA
oo B v, e FORF 33 it o
. P, A, e '
Fig ol s B F Rttty o = il A
x? HI}.&H)"'AE"H)'WP L f {P.}&b'-‘/!&"‘*’l“-ﬁx
Xf{’}ﬂu.,mm.,ué;. . f{{‘}édl"l@?ﬁ;l-‘JE‘:
P Ritye g be pF 02, it s K
X"'f{&}kérwéc‘wu-,lff)@—f- 13L3.,, e . & .. X
Xo, F3 s b 4, (128

For Proof of the firet equivalénce, let us isolate for both systems tircuits
passing through connected goints Iin them. Then, employing equivalence (11°), we
shall cbtain:

Fia... ddn,. ... A+ I4.,',3"_,_)0-}1,..,,P-F42,--,,GM4J:.-.,£+'
L i‘f:m.,.,m%’,.uwfm Ao,y AT
e Aty AR R mr s
+-'-fﬁﬂ]ége---,ﬂﬂb-:..ﬁ;%u%-.u .
) Y WY R oo i MPTH) e« -
QR R oy S A N
+f\ /Jéi,...,)_f;)"H,:..,f?‘f'“'—}‘f[’"&u--.ﬁhﬂ-l,.-“p:
=/, A SOy cmiintte s
+"’+f[ b'-'ah?,M...,P'f-r ks fJ&'I"’Ian)"'J#‘
Lo AT, - ety - P
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The second part of equivalence (13) ie damcnatlated in like manner.

Fquivaience (13a) is obtained from eguivalsnce (15) by changing to relations
with converss signs.

Equivelences (11}, (lla), (12), (12a), (13), and (13a) are valid also for
aome aystems connsctsd in parallel or In series with diffsrsnt connected and
disccennected points.

Bagic Fguivslences for Connection of Dif: erently Disconnected and Connscted \'
Systens With Their Inversicus .

‘ 3
Lst us nov examine the equivalences o.curring in parallel and series
conuections ¢of differently connscted and disconnected systems with the inversions
of thees systems. .

) F+ iE—i,z,...,Jé*—‘/ o ' (14)
FoFa,. . b= F 2, BFUIFFL2] e A FH-TAT)-  (148) : ‘ '8

For demonstratvién, let ue lgolate from system F clrcuits psssing through
boints 1 — 1., 2 — 2,,..., k¥ — k.. Then:

FtFia.... oo . At fOl4flal+- +F TR+ F o b= §
FFya,... ‘-"‘(F/‘,. W &AL LI DI £ [A]) - E o . 4= B .
=Fia,. AFLIFFL21+ .. +FTAD).

;

£

Changing to relations with converss signs, wo shall obiain:
FrFia, . b=Fuz,  Ad+F{Y ). (A, )
- O N
FiF!,Q:,...,,ézﬂ. (15’\) ‘;‘

Teking the negatives of equivalences (1), (1ba), (15}, and (15a), we
shall cbtain aralogous reletions for the cese *bere any system with a connection
or b»resk betweon certain of its pcints 1s connected vith the inversiors 6 che - |
same aystem bul without these cunnectioms and treaks: ‘ I he

- &

F-+ _r,,z,,..,./»-f,z, At FOT FILT--FIEL 0 (w)
FeFioa,.bt=20, (i4ta)
F+F19- 44;—/) (15) s

B F-Fiu...h=Fa ,,».é(f[}l'fﬂ;-r- FFAY.  (5m)

F'f‘"FI, vor s F e 7:=F+f[/] L2l by bt X .’f.’

\ —X fIa] 22,00, 4, bt . ...mg,..,;,,/gw,...,n- (26) _'
F 1&.'\--~aé34 +/,...,o1=F'(/(4+/},§,...,4_¢,,¢+,,,..,,,+...+ B

A ‘!"7‘777_/, 3,;..,4_{~é+/,.‘.,'n- (16'a)
. '% "
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i Boey proel W ioge i el o (lk/ Tetun LooTave [y o bl -/,4, ,,f,,<4~/, SR,
circuits passing through connected points in i%t. Emplo,ying equivaloncs )
(1k), we shall obtain:
b

Ft Fize b ht. e FtFua, o bbts X
X [/];g. A_?A+4...,nﬁbg,...,_é,ﬁ_tl,_...m.. FTALL 2, A . e
*F‘i"f[—ljf_, Sh b f[i};l A,é-/-/,,.,;,x

K- 7?1_/1 A A1, .

Equivalence (16a) may be obteined fiom (16) by chsnging to the relaticns
with _onverse signd and by a corresponding change of indexes.

Taking the negatives of equivaiences (16) and (16a), we shall obtain:
F“}';i‘}f—-,}-tk Feem=F+f{A+012, b v, i X
%‘{”}L_..,&A“f A (16')

F f/ A;,AM,.,, = Ffi], 2,.,_,/2/“,
o /‘: 7‘ /:_1’)4 2. jj: ) Zv— -.+f[xz]ﬁ,..ll.,A+;,,,.,”.(/é'a)
bk kTR, =, 2Pl AFL3 2, AKX o
X.. ,7‘"{;4]/‘ 2., E=F, ..,A—f—-m ,éf?g;,:,...,é b ‘
K T o
Fra, ... A" /:, 2,... A= (17e)
For proof, let va isolate from aystem F/,2,....4 circuite parallel to
: elemenis. X,, Xg,...,X4 . o]
A We shall than have:
' Fra, .. b+ Fra,...b==F _9_.)-—-/»4—7({/]" 2,0 X ‘

= . X/(Q}i,z,...,l_---f{"‘]/,lr-',é—f")?_l,g,...lé»== .
B =Foa .k + ) AP (Do, AT b -

_ By analogy, isolsting, in accordance with (13'a), circuits in eystem .
F_[,g,...,_:_(, we shall obtain:

,2,,.,,A+/—=ﬂ,..A,zi=/‘7,a,.--/ﬁ‘*“ﬁf‘%--w*‘ff—’]'flf“'éx
~., Xfmi,};--"é""mj—’ 2,...=Fa, ., 4+
= ATy 2 AT 2 sk FLRL L2 B
) Wnen the connections ary in eerilec:
Fiayeoito Fron., b=Foa, .. {1312, .. hF{2} 2.  AX
X...f{—é]/,l,...,,‘.}-‘ihe_-,---J"_‘_'“_“O-

Taking the negatives of equivaiencas (17) and (17a); we shall obtein:
Fia,.. }-/-F/, =
_ ’ F/,l, . .-,A' lri;__, e -,é«r—*Fz,_g,.. . 4_‘_- Qf{/},]ll'_'ﬁé#—

-{-f?;_j/, 2. At —i—f—(—,é—}- ,sz_..,,é.)ﬂ/—‘:/, 2. ..,,,4.(’3[[:]_/,3.,. _/'a_. 4=
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Sanitized Copy Approved for Release 2011/07/06 : CIA-RDP80-00809A000600250680-9




- CONFIDETIAL CQHH@H”I 50X1_HUM

a AJ_INZ?_. »é-'*- -}-[[76]/ 2., —é) (172
Fl g | ;
2) _if ”—L'*“Ffé 1, A2 =, (18)
F, 2, e

4.2, 1St A =
Lo +2,. : a. (188)
Isotating from eystem F. 337 0o RO.rcuilis passing through 1301‘11"".s (x4 1) —
(k4 1), (k42) = (k4=2)y,".., N—No, &nd smploying eqaivalece (15'),

we 3ha1“1 obtain:

/‘T_/&,-~-u:é»+/'—:—::€—f-/,i+z,...,'}:”‘“F__/,g._,u-,,&,«é-f‘/_,,.é-#z_,...,')1+ “
FELA L2, b4 FIAH2T . o d A A FIP 2l - ]
FFdots, oo o= /g

Equivelance (18a) may be obtained from equivalonm (18) ts taking its
negativesa.

Let. us cbderve thst when iaversiong of other sysiems are present, and
partis ularly, when the connections aré parallel ~- eystems wiﬂu closed circulte --
and ‘when the ‘comnections are in geries -. systems with open Sireuits -- simplifications

in tranaforming. che systems csanot bz obtainsed.

In parallel or series ccnnections of systoms with circuit connections or
breaks in each syotem at different points, we shall hsve:

E) E,:L,...,ﬁ"f'/?é-}-_l,f+2,..~,'n= /‘7, ..., /L‘l“fﬁ&J-I,A-f-l,.. L X
XFLA ] pot1, b2, - ,'»]‘71_-27*,_,“5_*2“ ., 19)

Fh-: LA £ Al A2, 'M‘-IE:&_-H,‘AN.,.--;%(ffé-l—/]:/z,,..‘,,.é,—f—
FFlh+2T 2t F 0] o, A (99)

For proof of squivalence (19) let us isolate from system F,é)_, iR s
in accordance with (2'), circuits rassing through points 1 ee 1, 2 = 25,..., k — kg

Thereefter, appiying (14%), ws shail obtain:
WAt Eatt v a,om=FLa, kA Foa e fy Aea,nX
XFL1] Ay, btz o FL2 s, hia, e - f?,i—],;”_,l)g_*l" o
~(Fa. A4 Fa A drrdesn, . n)Fra, A LT s nx
X 7‘\[11““"; /24—2,- O AR fm,/g—;-/,/éfhl,' . .,41)=/C//9_,, o ’é—f—
:2. +f[1'7‘£+/‘ A+2, "'~°7//[7-‘7,/¢+/,A+1, AN '/[Drl&'l-(,,&v‘l,- .- .
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CPanivelence (19a) fan-he obtnined £rem (10) by toling At nesatdzd ond f
changing the indexes accordingly.
Changing to relations with converse signs, we shall have: - 4
- : 1
gy bt Bt 1 o2 =Py gt P ARHILE K |
: Xf{é—’t'zjli.?x“vé“'f{h}h'?x"’/é' (20)
A

' fia~--\,£‘Fétiéta.-'La=ﬁ_f&.-..m&aﬁv&--.a‘#
A D1 gtn i PRt et oa) (20a)

FlLa...dote)y. .., R FFRety.opimmr .. .,pmp_ét/,...,@,r/ eheep
H I 112 ddpy o et o PTG b,
£ A1 0,2, A -uzv:/w sl T AR By it ifiom sty p X
Xf{?e‘*"’.}ié,wuw v Loosp': '/({Mj.ﬁ &."'J.”!'d“"'l"u'g”’*"r wh 21)
Figy., v - Bty gmrs s = F bt smymbn. p N
' X(f Iijézyi'v;'._‘b“le'J“&l‘”‘Jm+ A "‘;')c["tj;%" 'JMHJ' * 'Ji"/J‘ [ 141+
FEI V3 o i Ay 0o T TN o bbbl s Rl s I X
X132, bbb, R M3 dictr sy, K- (21a)

For proof of aquivelence (21) let us isclate from system Fy,a,...,dedvl, .. 4

circults passing system Fiy! ,...,m4m+; ,.-.,p through disconnected pointe, and
thereafter let us isolate from the syastem obtained circuits passing in 1t rarallel

to pointa having a short cixguit in the inverss cystem and dlsccnnectsd in the
system without inversion. Empioying thereafter squivalence (15), we shall obtain:

e

Frz,ddis, ... ATl mmrt, o p ™2 bt ly o ity

-+flm+ ’.][‘3,‘..,;‘4“,...,4-}' ore +f[p}f_&‘d¢*‘, ./4+fxl"}“'/£’l’"“)"'lp=
zfé&--ug‘é’-ﬂ"utéan‘_b---:z}n'-f’.-—-uﬁc{d‘*';}.l‘&'--/490-/4 " -JAM/, -:-:/JX
X Pz ity At e onfRA 113 et Rty K
XKoo : K2 orschtlye ety erart Ml 112, ol s bt
IR S YI 1Y PR P 5
ST SN MO ORSS ) TEND T SR
XFikd- Ui&nuiﬂl‘b:ww vt FAMEN Dyt ombly o, ot
TN A 1 T 2By o Bt oo FLPL R oy s e

Taking the negetive of equivaiences (21) and (21a) and changing the indexes
eccordingly, we shall obtain certain other expressiona for them:

Fiaypdodi..., d+Fhth . ommri,.... o3 dhdrs .. AT
'Hmﬁévu:éﬁwwﬂ-w}” "fWL&-w#_ﬁ;’.«w,mm-g YN
Xm}-/‘&mg‘éﬁ. .,@W,..,,/l : 'f[nﬂlL:_.,. ,é,étl,,. AL .,,p+

+fw&‘t/,...,_/pm4—l,...,p7‘—. AFEBRep. . by o
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Fla,...dds, . ,,@M-H, Y R R SO = L T 4‘\,(
XL Tl Al AT el b eyt :

- A JﬂM- Abttpermontty gt H P kbt i X

KR jl@l— . ,mrw-/,u.,,o"‘;ﬁ?&t’,-.-,n!nJ-l,m,p- {21'a)

Let us note that the equivalsnces C.oteined above are valid, just as in
the cage of systems without Inveraicns, not msrely for two, but for a great
mtther of ayrtems connaected in parallel or In series.

Cornécticns of Diffsrsntly Cimnected and Disconnectsi SLB%QEIB With Circuits »
Contained in Tham

In conclusion, let ua consider relations in parallel or series connections . e {
of & contact relay eystem with modifications of aoms circuites contaimed in it. ' j

Let ue firat point out thet according to thé well-known relaticns of symbolic
loglc:

X F %y 2, w)= A Oy, 2, o), ‘ !
-, - ‘ -
XHFxy,z,,.  wd=x4fy,2,.. . ), g |
ve shall find that the parallel commection of eny system with -ne of the circuits B
contained ‘n i1t or with ane of the inversicns -2 this vircuilt is equivaient, 1in '

the first cese to ite ovn system, zrd in the second to & continuocusly closad
clironit.

Applying the relations indicated above we shali obtain:
Fra,coktfbnlya,..  =F.a sk Imlya,.  A=Fa, 427
Foo kb fIos g A =Fia dfrois L fT07 A

acoe, |
fLM7 Flodyzg,. .., k=1lox Fodeeon,do FIns =F 12,00 bym—~Fimd)a. . fomn
R R
—_—_—F‘/,g__l,_,_.é/},, -—/—/:’ .
It feitows that

Fia,. /é‘l"f[»ﬂ/z L A= - (22a)

Apalogously, according to similar relations in aymbolic logic for comnecticms
in series, namely: )

XXy, 2, W) =Xf (1y,z,...,w),
xfo,y,z,f_ .,w)r-?cf[ﬁ,y, Z, . 0),

we shuil fi1d4 that In the series ccnnentions of any aystem with one of the
circults cortained in it or one of the inversicae of this circuit, the rosultant
aystem will be equivalen*, in the first case only to this circuit, and in the
msecoad case to the samo sories counection, bdut with those circuits eliminated
from the original system with the inversions-of which the system is connected.

-1 -
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Malking 1ira of those relations, wa shall obtmin:

Froo,, b fmlua, .. &=Fya .. foalin,a,. .  b=Fmla... b
R e _ (23)
/['_1,.2) Ces j.»i] [9777_{, Z.-- ‘/A_— Lok, 7)7]{)[')11_7531. . .,A
{22a)
Changing to sgquivalences with converss slgns, by analogy we shall have:

Fra,.. . A4Fmdna, .. 4=f{m}iz,... A,

- I 24)
Fityes koA Tord s o= Fa e i Flml s B,
T (24a)
F;’)%J-.AJA-J‘-:?;—‘_/!E,‘w~_}‘é1=F__/_l_l"’I£) (25)
63‘1"-)/i_-707;}_/;;7:4'"'1”4:(7“ . (25&)

In the came:of & parallel or seriss connection of eny system with circuits
of an eleusnt belonging to snother aystom with connected or diacammected poluts
other: than 1n the.first syatem; the corresponding eguivalences can be obtained if

wi ieplats. from thé Tirst system the circults In deries or parallel of +hia
sams ' eloment and proceed to study them e independeni systems %o which all the €
equivalencgfs cited above can be applied. s ’
Fur example:
Fra, ., AdfIPl btttz om=Fia, . hp -,f-f’/_"P;[{‘%,~‘.,,A—!—f[,')]}a,m”/,A,,z,:
=Fua,, Aot (FLP 12, ., AP FFRl by hgo.mp) P

As, in accordance with (10),
FiP1ia, s b+ 1IPIk+, k12, on g =FIFlhri drz,. . ..nps

it followe that

e AP B, 2. = Fouo b o FTP) o, 422 .

r In other ccnnecticms and breeks:
‘}_f,[-:‘lli?j; J_L +f[P_7A+.§,,L+2/, ek =F:«_, 2. ~-~§-,/°+-f[ﬂ?;z,,..k+(27)
TP =5 e o
¢l +/,44:+1, Y /‘/,l,..,,aé.,,a L/[[P]_;,_:L,-;.yéz:):-;}/--v-_é'

In like manner
F/_,cz,, - /&'7[[/9]&!. /i*_l,--v".é" F/,a.,-..,i,p'j‘f‘f/’]/,z,., ,U(Xs
APasi, dea .= ;2,.--,A»Ff['o]&!;@,n-.1+f[/;]l;. 2 2
’{_—1, 2., 4- Frei .4+:,,£-u, - .,71=[/'://_2___,. . .,,é,,a—f- f[ﬁ]_,ll,"_;/,)i\(
XFLP] bgt, haa, . om=Fr2,.., A,/.‘ "[[P._/-L,/j,,zl,_,,;(—}—gvt‘)
+f[ﬁ.7,/g+,’jé+2,. . .,,07=f[/°1)@+,1/¢'_,9_,,, L H

* Changing to relations with converse signs, we shall have:

F 2,.- .,Hf{P}&/, _/2_1,...._71=f[P}A+I,LI--’L ----- L& (28)
\2

’
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WL‘ . ’-—'f--)»'-,./1-'—(//‘1,\_1_,.4.,/_;/«,[3 T .‘ (29)
TP Ups psa,... AFPy 2.
v e B P Ay g, = o (2a)

F .
"/":‘L"""jz’ fff})éﬂ,,éﬂ,'w”": L2 p Pl bes, e (29) [eie]

in like mannser relations may be ~L+ained for other cases of a parallel and
series comnectlion of any syetem with ci.cuilts belonging to enother aystem,

Exarple of Transformation of Differently Connected and Disconnected Circuita

We shall examine a sample transformation of differently connected and
d1scconnected systems. Lat us suppose that the system is that shown in Figure
G. and that it 1» necessary to simplify it. Isolating parte of the system
intercannected In series and in parallel, we shall obmserve that 1% may be
represented in tho form of syetems F; and Fr confiected in series, to which
system Fg (Tigure 9b) Js comnectsd in parallel.

To repressnt these systems aa differently connscted and dis*ozmected, 1t
i¢ firat necessary to find a baae system. The laiteér wmst, obviously, contain
all ths eiements in mysiexs ¥; , Fp end Fy . Tnosmich as in system Frz the
grester part of the elémentes which mre in the other systemn appaar wi*h the
negative mign, then 1% 1s natural te acsume tiat Fz 5 inverss,

Let us determine a non-itverse system [ﬁ] by mious of graphic tracsformation
(Figure 10). Comparing it with system i , it 18 easy to note that both are
produced from the system of Figure 10d, and that aystem Fg s Fe, 4, and systen
Fur = F ¢+ Moreover, comparing the base aystem, Figure 101, with syctem Iy,
1t is readily saeec that the latter represents circaits passing parallei to
element e in this system when elements © and k ar- short circuited. Trus

¥ o £} 3)(_ s, and the sysiem in Figuvs Ga msy ds written symbolicaily In +he
ferm:

FeFg+Ffa=Fflejg pFou+Fe-
Applying equivalences (28a) and (19), we shell cbtain:
f{]c.é; Fosd + *" Fa.r(\0+F_ = K ad "" f@J" f@
Transforming ff@]; f—t—};, we shall have (3):

flalz . tfd)z=as . 3o (b a o) 5 + (e -
Ble - e iy S i e

Thus:
bfp + g = F 4+t 8+ &(d+ ).

As there Im in syetem Fa £the circult bz connected in tarallel, it follows
that

54 a(d+ Do)+ be = S4-a(d +0) + bo.
Finally we chall have:
FL B+ Ty = Fout S 8(0kc).

The rosultant aysron ie reopresented by Figure 11b.
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